Conventional culture tubes were used in a modification of the spin-amplified adsorption procedure for recovery of herpes simplex virus (HSV) from clinical specimens. The sensitivity of isolation of HSV from 864 specimens adsorbed by the spin-amplified method was 100% (127 of 127), compared with 88.2% (112 of 127) for stationary-phase-adsorbed specimens. Cytopathic effect developed more rapidly in 32.1% (36 of 112) of isolates adsorbed by spin amplification than in those adsorbed by stationary means. In a separate quantitative study, cultures of HSV type 1 adsorbed by spin amplification yielded higher antigen levels and greater cytopathic effect than stationary-phase-adsorbed cultures. Cells grown in conventional tissue culture tubes may be used in a spin-amplified adsorption for rapid detection and increased sensitivity of HSV isolation.
The rapid laboratory diagnosis of herpes simplex virus (HSV) infection enables proper medical management and infection control measures for patients. The specific determination of HSV infection has relied on the recovery of infectious virus in tissue cultures from patient specimens. Tissue culture cells grown in screw-cap tubes are inoculated with patient specimens, followed by a stationary phase of virus adsorption. The cultures are refed with maintenance medium and monitored for development of cytopathic effect (CPE) (10) . Recently, Gleaves et al. (1) reported a modification of the stationary-phase adsorption that allows decreased culture time for virus isolation from clinical specimens. These authors used low-speed centrifugation for adsorption of specimens inoculated onto cells grown on cover slips. Cytomegalovirus replication could be detected within 2 days by immunostaining with monoclonal antibody to an early antigen of cytomegalovirus. The rapid recovery of HSV has also been reported with centrifugation and immunodiagnostic detection (2, 5, 8, 9) . However, all these investigators have used shell vials or flat-bottomed culture tubes for their centrifuge-mediated viral adsorptions. The current report relates a modification of the spin-amplified adsorption procedure that allows the use of conventional tissue culture tubes for enhanced and rapid recovery of HSV from clinical specimens.
(Portions of this work have been presented [Abstr. Annu. Meet. Am. Soc. Microbiol. 1988, abstr. C-67, p. 343].)
Patient specimens were submitted to the clinical virology laboratory for culture and isolation of HSV. A total of 864 specimens were cultured from patients in various services, including obstetrics and gynecology, internal medicine, pediatrics, and renal transplant. Material from genital, anal, oral, and skin sites was collected by swabbing infected areas with Dacron-tipped applicator sticks. Collected specimens were transported at 4°C to the laboratory in 0.5% gelatin in Hanks balanced salt solution containing penicillin (100 U/ ml), streptomycin (100 ,ug/ml), and fungizone (0.25 ,ug/ml) (GIBCO Laboratories, Grand Island, N.Y. mens that were positive for HSV culture were recovered from tubes that were processed by modified spin-amplified adsorption. However, only 112 of the 127 viral isolates were recovered from tubes that were processed by the stationary adsorption technique, resulting in a reduced sensitivity (88.2%) for isolation of HSV. The 15 isolates that were only recovered by the spin-amplified adsorption were obtained from 10 genital and five nongenital sites.
The two adsorption techniques were also evaluated for their effect on development of characteristic CPE of HSV. The 112 clinical specimens that were recovered in common with both adsorption procedures were included for this consideration. Results are given in Table 2 analyzing the viral CPE development of each specimen processed by both adsorption procedures. A majority of 65.2% (73 of 112) of the specimens developed CPE at equal rates, regardless of the adsorption method. Only 2.7% (3 of 112) of the specimens processed by stationary adsorption developed CPE earlier or to a greater degree than those processed by the modified spin-amplified procedure. However, a notable proportion of 32.1% (36 of 112) of the specimens adsorbed with the spin-amplified procedure developed CPE more rapidly than the same specimens adsorbed in the stationary manner. Four of these 36 isolates were recovered from spin-amplified adsorbed cultures 1 day before the same specimens developed CPE on stationary-phase-adsorbed PRK cultures. Overall, the degree of CPE development in these 36 culture isolates recovered from spin-amplified adsorptions was 25% more advanced than in cultures processed with stationaryphase adsorptions. The data can be reconsidered with all 127 specimens that were culture positive for HSV. By this criterion, a proportion of 40.2% (51 of 127) of culturepositive specimens that were processed by the spin-amplified adsorption either had CPE present or developed it more rapidly than the same specimens adsorbed by stationary means.
The ELISA and CPE development were used to compare the sensitivity of viral isolation in the quantitative spin amplification study. A concentration of 4 x 105 PFU of the HSV-1 stock per ml was the limit of detection for the ELISA. Vero cells grown in culture tubes were inoculated with decreasing 10-fold concentrations of HSV stock and processed by either spin-amplified or stationary adsorption. On the first day postinoculation (Fig. 1A) , the spin-amplified tubes with inocula of 8 x 10', 8 x 102, and 8 x 103 PFU contained greater HSV antigen levels than similarly inoculated stationary-phase tubes. Two days postinoculation (Fig.  1B) , the spin-amplified technique increased the sensitivity of HSV isolation for tubes with primary inocula of 8 x 100 and 8 x 101 PFU compared with the stationary-phase adsorption tubes. The trend continued on the third day postinoculation (Fig. 1C) . Undiluted samples from tubes with spin-amplified adsorbed inocula of 8 x 10-1 and 8 x 100 PFU yielded higher optical density readings by ELISA compared with identically inoculated tubes processed by the stationary-phase adsorption technique. A further examination of viral antigen production was undertaken with infected cells that yielded ELISA optical density readings greater than or exceeding a value of 2. ELISA values for inoculum concentrations of .8 x 102 PFU per tube on days 2 and 3 postinoculation (Fig. 1B and C) were redetermined by diluting the infected cell lysates 1:10. Again, virus adsorbed by the spin-amplified procedure yielded antigen levels, as determined by ELISA, to be 0.12 to 0.37 optical density units greater than in stationary-phase-adsorbed virus cultures (data not shown). The progression of characteristic HSV-induced CPE was also used as a basis for comparing the stationary-phase adsorption with the spin-amplified adsorption procedure (Table 3 ). More advanced CPE was observed in the spinamplified cultures than in the stationary-phase cultures. This enhancement was noted in most instances on the first day of CPE development. The trend continued during subsequent days, as viral cultures adsorbed by the spin-amplified procedure routinely contained more advanced CPE than cultures adsorbed by the stationary procedure. Notably, virus was recovered from one of three spin-amplified adsorbed tubes, each inoculated with 0.8 x 10-1 PFU, while no virus was recovered from similar stationary-phase-adsorbed cultures. Low-speed centrifugation was initially shown to enhance recovery of chlamydia and rickettsiae when they are grown in tissue culture (3, 14) . Cytomegalovirus infectivity was enhanced 10-to 100-fold when adsorption occurred with low-speed centrifugation (4, 7, 14) . The mechanism of the enhancement was obscure but was hypothesized as being partially due to more efficient viral penetration of cellular membranes (4) . The detection of rotavirus in concentrated, environmentally acquired sewage waste treatment samples has also been accomplished with a low-speed centrifugation procedure (12) . However, the application of spin-amplified adsorption to the clinical virology laboratory was not realized until recently (1, 11) . Gleaves et al. (1) used a monoclonal antibody to an early antigen of cytomegalovirus together with low-speed centrifugation. These investigators detected all clinical isolates from urine within 2 days of culture compared with a maximum of 15 days by conventional culture. Swensen et al. (13) reported that clinical isolates of cytomegalovirus can also be detected immunoctyochemically in conventional culture tubes within 2 days postinoculation. However, the concentration of cellular nuclei expressing early antigen was 20-fold less in conventional culture tubes than in spin-amplified shell vials. Gleaves et al. Originally, the infectivity of HSV-1 and -2 was enhanced approximately three-to sixfold when low-speed centrifugation adsorption was compared with stationary adsorption. A human cytomegalovirus laboratory strain, AD169, was found to be 30-fold enhanced in infectivity by similar centrifugal adsorption (4 
